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• ... are mutually swept out from the target and projectile form a hot quasi-equilibrated fireball which decays as an ideal gas. The overall features of the proton inclusive spectra from 250 and 400 MeV/nucleon 20Ne ions and 400 MeV/nucleon 4He ions interacting with uranium are fit without any adjustable parameters. The model has been extended to higher bombarding energies by including the excited baryon states through the "bootstrap" condition. However, in order to fit the shape of the spectra from 2.1 GeV/nucleon 20Ne ions on uranium, it is necessary to assume that only a part of the original longitudinal momentum between the projectile and the target components of the fireball is dissipated into heat. decays as an ideal gas. The model uses the geometrical concepts of 7 the abrasion model, the free expansion of an ideal gas, and for the extension to higher energies, the statistical thermodynamics of strong 8 interactions by Hagedorn.
The Hagedorn thermodynamics has been applied, with a temperature fitting procedure, to medium energy proton-., as into randomized kinetic energy of the nuc1eons~ A different thermodynamics has to be used to include this increase in the density of states. 12 We used the mass spectrum obtained by Hagedorn from the bootstrap condition to relate a temperature to the available energy.
However, in the calculation of the final proton spectra, the various deexcitation modes of the isobars, including the recoil from pion emission, were neglected.
•
The laboratory distributions are calculated assuming isotropic decay in the rest frame of the fireball, transforming relativistically to the laboratory frame, and summing over all impact parameters. The importance of each impact parameter ~s given by the number of protons in the fireball times 2TIb, and this weight is shown at the bottom of 20 Fig. 2 for Ne on uranium. The characteristics of the fireball for the impact parameter at the maximum weight are listed in Table I .
The experimental proton spectra obtained in our previous experiment 3 are shown in Fig. 3 . The spectra at the lower proton energies probably include a contribution from the proton evaporation from the target residue, but exclude those protons which have coalesced . . . 1 3 1nto compos1te part1c es.
Also at 250 MeV/nucleon incident energy the most forward angle probably includes some contribution from fragmentation of the projectile residue. Considering these points, the overall 13 agreement with the 250 and 400 MeV/nucleon data is good.
Notice that the considerably lower cross sections with the He projectile are also described and that there are no adjustable parameters in the calculation.
At 2.1 GeV/nucleon the calculation, even including the Hagedorn mass spectrum, fails to describe the data as shown by the solid lines in Fig. 3 because it predicts values of T and S which are too large.
One way to describe the shape of the data is to assume (dashed curves) that there are separate projectile and target fireballs and that only 25% of their original relative longitudinal momentum in their center of mass is randomized and dissipated into heating both tq the same temperature.
In contrast, at the lower bombarding energies it was found that a poor fit to the data was obtained when one assumed that less than 75% of the relative momentum was randomized.
-4-In the present model it has been assumed that the fireball consists 6f only the nucleons in the swept-out region. However, for small impact parameters one can imagine that the projectile never penetrates through the target and thus the available energy is shared among all the nucleons in the target and projectile. A straight-forward . 20 calculation for 400 MeV/nucleon Ne on uranium gives T = 13.5 MeV and s = 0.076 for the entire system. This "target explosion" could account for a large part of the discrepancy at the lower proton energies.
The surprising success of the simple model for proton inclusive spectra indicates the importance of the use of thermodynamic concepts in relativistic heavy ion reactions. The large number of swept-out nucleons combined with an anticipated fairly large number of interactions per particle is presumably responsible for a quasi-equilibrated system, the fireball, which can then be described in terms of mean values and statistical distributions.
The present model also enables us to predict nucleon multiplicities and with some modification pion inclusive spectra and multiplicities. However, the model does not give any answer as to how the system evolves from the original pieces of cold nuclear matter to the heated fireball.
We have assumed in the present work that energy stored in other modes during this process, e.g., in a compression mode, is fully transformed into thermal energy by the time the nucleons no longer feel any mutual interaction. Hopefully, more detailed or more exclusive measurements in the future will reveal possible effects of these modes. However, where previously it was not even known if sufficient equilibration was 13. To test the sensitivity to the assumption of a Maxwellian-like distribution function, a rectangular distribution function with the same first and second moments was tried, but the results bore no resemblance to the data .
. ," -8- Table I . Calculated properties of, the fireball at the impact parameter with the maximum weight (bmw) on a uranium target. 
